Attorney Docket No. 36856.1159 
SURFACE ACOUSTIC WAVE FILTER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to surface acoustic wave (SAW) filters used as, for 
example, band-pass filters. More specifically, the present invention relates to a dual-track 
SAW filter including first and second acoustic channels. 

2. Description of the Related Art 

Various types of dual-track SAW devices including two acoustic channels have been 
proposed. For example, Patent Document 1: Japanese Unexamined Patent Application 
Publication No. 2000-77974 discloses a SAW filter including two acoustic channels which 
are connected in parallel. The two acoustic channels are in phase within a pass band, 
while they have opposite phases outside the pass band. 

Also, Patent Document 2: Japanese Unexamined Patent Application Publication No. 
2001-53581 discloses a SAW filter in which first and second filter tracks, defining first and 
second channels, are arranged on a piezoelectric substrate in parallel. In this SAW filter, 
an input IDT electrode of the first filter track is electrically connected in parallel with an 
input IDT electrode of the second filter track, and an output IDT electrode of the first filter 
track is electrically connected in parallel with an output IDT electrode of the second filter 
track. The first and second filter tracks are in phase within a pass band, while they have 
opposite phases outside the pass band. Furthermore, in the SAW filter according to Patent 
Document 2, frequencies of transmission functions (maximum value - 3 dB), that is, 3 dB 
center frequencies of the first and second filter tracks substantially match with each other. 
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More specifically, the SAW filter disclosed in Patent Document 1 is used as an IF 
filter for PCS. In PCS, the ratio between a 30 dB bandwidth and a 3 dB bandwidth, that Is, 
the shape factor (S.F.), is preferably about 1 .8 at the maximum. On the other hand, IF 
filters for a W-CDMA scheme or digital satellite radio are required to have an S.F. of about 
1 .5 or less. That is, a curve at the vicinity of the pass band in the filter characteristic is 
steeper. 

When the dual-track SAW filter described in Patent Document 1 is used where a 
steeper filter characteristic is required, a region where the first and second acoustic 
channels have opposite phases and the same amplitude must be ensured over a wide 
range of frequencies. However, when an attempt is made to realize the region of opposite 
phases and the same amplitude over a wide range of frequencies by main lobes of the first 
and second acoustic channels, the phases cannot be canceled out over a sufficiently wide 
range of frequencies, because inclinations of the phases of the two acoustic channels are 
different. That is, a large response remains outside the pass band. 

In the SAW filter described in Patent Document 2, steepness of the filter 
characteristic of the entire filter is determined by steepness of the filter characteristic of one 
of the filter tracks. Also, the first and second filter tracks have opposite phases outside the 
pass band in order to increase attenuation outside the pass band, as in Patent Document 1 . 
Therefore, the steepness of the filter characteristic cannot be increased to so as to be 
steeper than one of the filter tracks. 

SUMMARY OF THE INVENTION 

To overcome the problems described above, preferred embodiments of the present 
invention provide a dual-track SAW filter in which steepness of the filter characteristic is 
increased and out-of-band response is effectively suppressed. 

A surface acoustic wave filter according to a preferred embodiment of the present 
invention includes a first acoustic channel having a first input transducer and a first output 
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transducer, the first acoustic channel being weighted so as to define a first transfer function 
by the first input transducer and the first output transducer, and a second acoustic channel 
having a second input transducer and a second output transducer, the second acoustic 
channel being weighted so as to define a second transfer function by the second input 
transducer and the second output transducer. The first and second input transducers are 
electrically connected in parallel and the first and second output transducers are electrically 
connected in parallel. The first and second transfer functions are substantially in phase 
within a pass band and have substantially opposite phases outside the pass band. The 
bandwidth of the second transfer function of the second acoustic channel is narrower than 
that of the first transfer function of the first acoustic channel, and a first side lobe of the 
second transfer function of the second acoustic channel has a phase opposite to that of a 
main lobe of the first transfer function of the first acoustic channel. 

Preferably, the ratio of a 30 dB bandwidth of the first transfer function of the first 
acoustic channel to a 30 dB bandwidth of a composite transfer function obtained by 
connecting the first and second acoustic channels in parallel is in the range of about 100% 
to about 150%. The 30 dB bandwidth is a frequency range in which the value of 
attenuation from the peak is 30 dB. 

Each of the first and second acoustic channels preferably includes a transversal 
surface acoustic wave filter device. 

Each of the first and second acoustic channels preferably includes a unidirectional 
electrode. 

The first and second acoustic channels are preferably provided on a piezoelectric 
substrate. 

The dual-track SAW filter according to another preferred embodiment of the present 
invention includes the first and second acoustic channels. The input transducers and the 
output transducers of the first and second acoustic channels are electrically connected in 
parallel, the first and second transfer functions are substantially in phase within the pass 
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band, and have substantially opposite phases outside the pass band. The bandwidth of 
the second acoustic channel is narrower than that of the first acoustic channel, and the first 
side lobe of the second transfer function of the second acoustic channel has a phase 
opposite to that of the main lobe of the first transfer function of the first acoustic channel. 
With this configuration, a region where the first and second transfer functions have 
opposite phases and the same amplitude is obtained over a wide range of frequencies 
outside the pass band. Accordingly, steepness of the filter characteristic and attenuation 
outside the pass band is increased as compared to known dual-track SAW filters. 

When the ratio of the 30 dB bandwidth of the first transfer function of the first 
acoustic channel to the 30 dB bandwidth of the composite transfer function of the first and 
second transfer functions is preferably in the range of about 100% to about 150%, 
steepness of the filter characteristic and attenuation outside the pass band is increased 
more reliably according to preferred embodiments of the present invention. 

Each of the first and second acoustic channels may include various types of SAW 
filter devices. When each acoustic channel includes a transversal SAW filter device, a 
transversal dual-track SAW filter according to preferred embodiments of the present 
invention is obtained. 

When each of the first and second acoustic channels includes a unidirectional 
electrode, a low-loss dual-track filter is obtained. 

By providing the first and second acoustic channels on a piezoelectric substrate, the 
SAW filter of preferred embodiments of the present invention can be configured in a form of 
a single chip including a piezoelectric substrate. 

The above and other elements, characteristics, features, steps and advantages of 
the present invention will become clear from the following description of preferred 
embodiments taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic plan view showing an SAW filter according to a preferred 

embodiment of the present invention; 

Fig. 2 shows amplitude and phase characteristics of first and second acoustic 

channels and a composite transfer function in the SAW filter of the preferred embodiment 

of Fig. 1 ; 

Fig. 3 shows amplitude and phase characteristics of the first and second acoustic 
channels and the composite transfer function In which the ratio of a 30 dB bandwidth of the 
first acoustic channel to a 30 dB bandwidth of the composite transfer function is about 
150%; 

Fig. 4 shows amplitude and phase characteristics of the first and second acoustic 
channels and the composite transfer function in which the ratio of the 30 dB bandwidth of 
the first acoustic channel to the 30 dB bandwidth of the composite transfer function is about 
180%; and 

Fig. 5 shows attenuation/frequency characteristics of the entire SAW filter in which 
the ratio of the 30 dB bandwidth of the first acoustic channel Is about 120%, about 150%, 
and about 180%. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Hereinafter, preferred embodiments of the present invention will be described with 

reference to the drawings. 

Fig. 1 is a schematic plan view showing a dual-track surface acoustic wave (SAW) 

filter according to a preferred embodiment of the present invention. 

A SAW filter 1 preferably includes a piezoelectric substrate 2, and first and second 

acoustic channels 3 and 4 are provided thereon. In the present preferred embodiment, the 

bandwidth of a first transfer function of the first acoustic channel 3 is wider than that of a 
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second transfer function of the second acoustic channel 4. That is, the first acoustic 
channel 3 defines a main track and the second acoustic channel 4 defines a sub-track. 

The first acoustic channel 3 includes a first input transducer 3a and a first output 
transducer 3b, which are provided on the piezoelectric substrate 2. Each of the first input 
transducer 3a and the first output transducer 3b includes an IDT electrode, and these 
transducers are arranged with a desired distance therebetween in the propagation direction 
of surface acoustic waves. That is, the first acoustic channel 3 includes a transversal SAW 
filter device. 

Likewise, the second acoustic channel 4 includes a second input transducer 4a and 
a second output transducer 4b. Each of the second input transducer 4a and the second 
output transducer 4b includes an IDT electrode, and these transducers are arranged with a 
desired distance therebetween in the propagation direction of surface acoustic waves. 
That is, the second acoustic channel 4 includes a transversal SAW filter device, similar to 
the first acoustic channel 3. 

The first input transducer 3a and the second input transducer 4a are electrically 
connected in parallel. That is, hot terminals of the first and second input transducers 3a 
and 4a are connected to a hot input terminal 5a, and ground terminals of the first and 
second input transducers 3a and 4a are connected to a ground input terminal 5b. 

Also, the first output transducer 3b and the second output transducer 4b are 
electrically connected in parallel. That is, hot terminals of the first and second output 
transducers 3b and 4b are connected to a hot output terminal 6a, and ground terminals of 
the first and second output transducers 3b and 4b are connected to a ground output 
terminal 6b. 

The first acoustic channel 3 is weighted so as to define the first transfer function by 
the first input transducer 3a and the first output transducer 3b. Likewise, the second 
acoustic channel 4 is weighted so as to define the second transfer function by the second 
input transducer 4a and the second output transducer 4b. 
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In the present preferred embodiment, the ratio of a 30 dB bandwidth of the first 
transfer function to a 30 dB bandwidth of a composite transfer function of the first and 
second transfer functions is preferably about 120%. 

The first and second transfer functions are substantially in phase within a pass band, 
and have substantially opposite phases outside the pass band. 

Accordingly, as in the SAW filter of the known art described in Patent Document 1 , 
the first and second transfer functions have substantially opposite phases outside the pass 
band, and thus, the opposite phases cancel each other out such that attenuation is 
provided. 

However, when the phases are canceled out by main lobes, attenuation is provided 
within only a small range of frequencies. The reason for this is as follows. That is, the 
phases of the first and second acoustic channels 3 and 4, which are in phase at the vicinity 
of the center frequency, have to be changed such that they are opposite at the ends of the 
pass band. Since the phase inclination of the first acoustic channel 3 is different from that 
of the second acoustic channel 4, the region where the both phases are completely 
opposite is limited to a very narrow frequency range. 

In the present preferred embodiment, the bandwidth of the second acoustic channel 
4 is narrower than that of the first acoustic channel 3 and the phase of a first side lobe of 
the second transfer function of the second acoustic channel 4 is opposite to that of the first 
acoustic channel 3, such that the phases cancel each other out over a much wider range of 
frequencies. This will be described with reference to Fig. 2. 

Fig. 2 illustrates the principle of the SAW filter 1 of the preferred embodiments and 
also illustrates amplitude and phase characteristics of the first and second acoustic 
channels 3 and 4. As shown in Fig. 2, the bandwidth of the second acoustic channel 4 is 
narrower than that of the first acoustic channel 3. Furthermore, the first side lobe of the 
second transfer function of the second acoustic channel 4 has a phase that is opposite to 
that of the main lobe of the first transfer function of the first acoustic channel 3. That is, the 
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main lobe of the first transfer function of the first acoustic channel 3, which defines a main 
track, and the first side lobe of the second function of the second acoustic channel 4, which 
defines a sub-track, cancel the phases. That is, the phase of the second acoustic channel 
4, which defines a sub-track, is abruptly inverted at a first attenuation region outside the 
main lobe of the second acoustic channel 4, and the same inclination of phase Is 
maintained outside thereof. Therefore, the first and second acoustic channels 3 and 4 
have substantially opposite phases over the entire first side lobe of the second acoustic 
channel 4. 

Accordingly, in the present preferred embodiment, steepness of the filter 
characteristic is greatly increased, and at the same time, attenuation outside the pass band 
is greatly improved. 

Furthermore, since the phase of the second acoustic channel 4, which defines a 
sub-track, is abruptly inverted, a frequency range in which the both channels 3 and 4 are in 
phase is increased within the pass band. As a result, flatness of the filter characteristic 
within the pass band is greatly improved. 

When the bandwidth of the first acoustic channel 3, which is a main track, is too 
wide, an increase in the steepness of the filter characteristic and an increase in attenuation 
outside the pass band cannot be easily achieved at the same time. In the present 
preferred embodiment, the ratio of the 30 dB bandwidth of the first transfer function to a 
frequency band in which attenuation from an aimed characteristic peak is 30 dB, that is, a 
30 dB bandwidth, is about 120%. With this arrangement, steepness of the filter 
characteristic and attenuation outside the pass band are increased at the same time. 

The configuration of the SAW filter is not limited to the above-described preferred 
embodiment. The steepness of the filter characteristic and attenuation outside the pass 
band can be increased at the same time when the ratio of the 30 dB bandwidth of the first 
acoustic channel 3, which is a main track, to the 30 dB bandwidth of the composite transfer 
function obtained by connecting the first and second acoustic channels 3 and 4 In parallel 
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is in the range of about 100% to about 150%. Tiiis will be described with reference to Figs. 
3 to 5. 

Fig. 3 shows the amplitude and phase characteristics of the composite transfer 
function and the first and second acoustic channels of the SAW filter 1 in which the ratio of 
the 30 dB bandwidth of the first transfer function of the main track to the 30 dB bandwidth 
of the composite transfer function is preferably about 1 50%. 

Also, Fig. 4 shows the amplitude and phase characteristics of the composite transfer 
function and the first and second acoustic channels of the SAW filter 1 in which the ratio of 
the 30 dB bandwidth of the first transfer function of the main track to the 30 dB bandwidth 
of the composite transfer function is preferably about 180%. 

Fig. 5 shows attenuation/frequency characteristics of the entire SAW filter 1 in which 
the ratio of the 30 dB bandwidth of the first transfer function to the 30 dB bandwidth of the 
composite transfer function is preferably about 120%, about 150%, and about 180%. 

As is clear from Figs. 3 to 5, when the ratio is about 120% or about 150%, 
steepness of the filter characteristic and attenuation outside the pass band is increased. 
On the other hand, when the ratio is about 180%, the attenuation outside the pass band is 
about 35 dB, which is not sufficient. When the ratio is increased to about 180%, it is 
difficult to design the second acoustic channel 4, which is a sub-track, so as to satisfy 
conditions of same amplitude and opposite phases over a wide range of frequencies. 

The ratio of the 30 dB bandwidth of the first acoustic channel 3, which is a main 
track, to the 30 dB bandwidth of the composite transfer function cannot be under about 
100%, and thus, the lower limit of the ratio is about 100%. 

The first and second input transducers 3a and 4a and the first and second output 
transducers 3b and 4b of the first and second acoustic channels 3 and 4 include IDT 
electrodes which are weighted so as to have the first and second transfer functions. 
Preferably, each transducer includes a unidirectional electrode, as in the above-described 
Patent Document 1 . 
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The present invention is not limited to eacli of the above-described preferred 
embodiments, and various modifications are possible within the range described in the 
claims. An embodiment obtained by appropriately combining technical features disclosed 
in each of the different preferred embodiments is included in the technical scope of the 
present invention. 
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